Introduction {#sec1-1}
============

Symptomatic stenosis in lumbar spine often requires decompression with or without fusion if conservative treatment fails. Although laminectomy stays as a traditional decompression technique, minimally invasive decompression procedures such as laminoplasty, laminoforaminoplasty, and unilateral laminotomy for bilateral decompression (ULBD) have been evolved over the past decade to reduce associated complications and reoperations.[@ref1][@ref2] As the majority of lumbar stenosis is caused by hypertrophy of ligamentum flavum or facet joints resulting into narrowing of spinal canal, decompression procedures that directly target such structures with the preservation of lamina and bony structures help in maintaining the stability of the spine.[@ref3] Reoperations in such cases often result from progressive stenosis or instability at the index or adjacent levels.[@ref4] However, reoperations due to perioperative complications such as wound infections, epidural fibrosis, pseudomeningocele, or dural leak are also reported in the literature.[@ref5][@ref6] Reoperations after previously operated lumbar surgery tend to result in less favorable outcomes;[@ref7][@ref8] however, there are few reports published in the literature that specifically evaluated risk factors regarding reoperations after lumbar stenosis surgery. In this review, we aimed to evaluate the existing PubMed literature on revision surgeries following the primary procedure for lumbar canal stenosis. The risk factors and associated comorbidities have also been discussed in details.

Materials and Methods {#sec1-2}
=====================

The authors independently assessed the methodological quality of each study selected for review. Internal validity scores of methodological quality were assessed based on the operational criteria recommended by the Cochrane Back Review Group. Studies that met six or more of the 11 criteria by scoring a "yes" were considered to be studies of high quality. Blinding of the selected trials with regard to authors, institution, or journal did not seem practical because several authors are familiar with the reported literature in this field.

The data were independently extracted from each study utilizing a predesignated data extraction sheet. Core data entailed study characteristics, the presence of funding, ethical approval, operative characteristics, study population, interventions, and outcomes. If the above data were not available, the corresponding author of the selected study was contacted to provide the necessary information. In the event, the lead study author could not be contacted or is nonresponsive, only the published data parameters were noted. Pooling of the data was completed when it was clinically sensible to do so. Pooling of the data was performed if trials were regarded homogenous (i.e., study design, population, intervention, comparisons, and outcomes).

In this review, a PubMed search for all papers stating "reoperation rates after spinal stenosis," "revision surgery after spinal stenosis," "reoperations, and lumbar canal stenosis" were explored. A total of 440 publications were found, out of which 140 were related to spine surgery. The literatures on human surgeries with full-text availability were selected for the review \[[Figure 1](#F1){ref-type="fig"}\]. Only English language publications were included which were listed on PubMed. Although there were a few studies, no review article compiling them was found. A total of 23 studies were shortlisted after internal validation scoring. These were further divided as per the surgeries performed as follows: followup periods and reoperation rates \[[Table 1](#T1){ref-type="table"}\].

![A flow chart showing method of selection of studies for reoperations after spinal stenosis surgery](IJOrtho-52-578-g001){#F1}

###### 

Existing studies for reoperations following the primary surgery: Lumbar canal stenosis
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Results {#sec1-3}
=======

Out of 23 studies conducted, 29680 patients have undergone surgeries for spinal stenosis. 11.65% ± 4.25% (3458 out of 29680) of them underwent reoperations following the primary procedure within a followup period of 6.80 ± 3.90 years \[[Table 2](#T2){ref-type="table"}\]. The causes of reoperation were multifactorial ranging from the type of procedure performed, duration of surgery, associated comorbidities, or smoking.

###### 

Cumulative results
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Further comparing the studies for associated risk factors for restenosis, smoking was found to be the most significant.[@ref9] Out of 500 chronic smokers who underwent surgery for spinal stenosis, 81 (16.2%) were found to have undergone revision surgeries. The odds ratio for revision surgery in smokers versus nonsmokers was 2.15 (*P* = 0.01) indicating that smokers were two times more vulnerable to revision spine surgery after the primary procedure.

Diabetic patients were found to have a higher incidence of revision surgeries compared to nondiabetic group (DG). Although this difference was not statistically significant (*P* \> 0.05), the time interval for revision spine surgery in diabetic patients was significantly low (*P* = 0.04). The diabetics had more pain (*P* = 0.04) and neurogenic claudication (*P* = 0.006) than the control group (CG). The nondiabetics were found to be more satisfied (*P* = 0.006) and had fewer postoperative complication rates (*P* = 0.0001).

The comparison between the various studies conducted for laminectomy with or without fusion and fenestration surgeries showed that the reoperation rates were higher in isolated decompression procedures. Fenestration surgeries showed an average reoperation rate of 7.58% ± 5.29% in 8.28 ± 6.26 years followup as compared to laminectomy alone (12.70% ± 7.49%, 6.50 ± 2.12 years followup). Laminectomy with or without fusion showed a reoperation rate of 11.22% ± 4.25% in 6.00 ± 2.60 years followup period. The comparative analysis of any of these studies was not significant \[[Table 3](#T3){ref-type="table"}\].

###### 

Statistical analysis of the existing studies
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Discussion {#sec1-4}
==========

There are a number of enlisted causes that could result in restenosis of a decompressed spinal canal. Some of these are avoidable, and the risk of restenosis can be reduced after lifestyle modification.[@ref10] However, a few are genetic, inherited causes and a person has to bear with them and undergo redo surgeries.[@ref11][@ref12]

Smoking {#sec2-1}
-------

Overall reoperation rates after lumbar stenosis operation could be multifactorial;[@ref1][@ref7][@ref11][@ref13][@ref14] and therefore, there is no particular reason that could be pointed out. However, the presence of recurrence of clinical symptoms must be present to consider the patient as a candidate for revision surgery.[@ref10] We define reoperation as a new surgical procedure for spinal stenosis either at the same or another level due to progression or sequel of the previous operation. As per a recent study, smoking has been found to be an independent predictor of reoperation following the lumbar stenosis surgery (odds ratio 2.15, *P* = 0.01).[@ref9] Out of the total patients operated by them, 16.2% had to undergo reoperation within 5 years of surgery.[@ref9]

Type of surgical procedure {#sec2-2}
--------------------------

Although it is emphasized in a recent study that surgical decompression gives better symptomatic improvement as compared to nonoperative conservative treatment,[@ref15] literature generally described reoperation rates for lumbar stenosis surgery varies between 5% and 23%.[@ref1][@ref13][@ref16][@ref17][@ref18][@ref19] Traditional laminectomy has been described as a standard approach for the lumbar stenosis; however, newer minimally invasive approaches have become popular in the past decade. Therefore, it would be interesting to study the revision rates among such population. Jansson *et al*. reported 11% of revision rate at 10 years after lumbar laminectomy alone or laminectomy with fusion in 9664 patients' cohort from Sweden, which is the largest cohort available till date.[@ref12] However, they have not reported the revision rates in populations who did not have total laminectomy for lumbar stenosis. Similarly, a prospective study by Javid *et al*. in 170 patients undergoing laminectomy alone or laminectomy with fusion showed that 11 patients (6.5%) underwent reoperations at the end of 11 years followup. On the other hand, Oertel *et al*.[@ref1] have looked up into the clinical results in 133 patients who underwent minimally invasive ULBD for lumbar stenosis, and they found 11.8% reoperation rate with a note of infrequent findings of symptom recurrence and spinal instability in this population.[@ref1] Thomé *et al*. have compared the outcome of 120 consecutive patients who were randomly operated by unilateral laminotomy, bilateral laminotomy or laminectomy; and they found that patients' satisfaction was superior in the group with bilateral foraminotomy.[@ref2] However, comparing the reoperation rates among three groups, it was not statistically different. As per the spine patient outcome research trial in 2013, of the 413 patients who underwent surgical treatment of spinal stenosis, 54 (13%) underwent a reoperation within 4 years.[@ref20] Guigui *et al*. reoperated 38 patients after a primary surgical treatment of lumbar spinal stenosis.[@ref21] At a mean followup of 34 months, only 60% had good or very good results. The main causes of failure were postoperative instability and incomplete neurological decompression. According to their report, initial nerve roots decompression was incomplete in 56% of the cases. Therefore, considering the literature review, we can say that reoperation rates may not have direct relation with the type of the surgical procedure.

Decompression without fusion {#sec2-3}
----------------------------

Decompression with or without fusion may be the factor to consider reoperation. Hu *et al*. showed 9.5% (*n* = 449) reoperation rates from 4,722 patients database in the followup period of 4 years.[@ref22] They noted that complications from surgery were significantly higher in the fusion and fusion with decompression groups; however, the reoperation rate was not significantly different among individual surgery groups. The incidence of reoperation after back surgery was found to be independent of diagnosis and type of surgery performed. More extensive surgery did not prevent nor predispose a patient to the need for further surgery. On the other hand, Malter *et al*. have reported their reoperations rates in 6376 patients who underwent lumbar surgery for degenerative conditions in from of decompression alone or decompression with fusions (16%).[@ref23] They also noted complications in 18% of fusion patients and 7% of nonfusion patients; however, after adjustment for baseline characteristics, fusion patients had only a slightly greater (and nonsignificant) risk of reoperation (relative risk 1.1) at 5-year followup. Hwang *et al*. found reoperation rate of 16.3% in individuals undergoing micro-decompression for spinal stenosis in 4 years followup period.[@ref24] Deyo *et al*. in 2011 had concluded that the reoperation rates in patients managed by only decompression procedures are higher than those with arthrodesis. However, these rates were similar at 4 years followup of the patients.[@ref25] Aizawa *et al*. had studied reoperation rates after fenestration surgery in 6998 surgeries with 20-year followup. The overall reoperation rates were 0.8% at 1 year, 2.9% at 5 years, 5.2% at 10 years, 7.5% at 15 years, and 8.6% at \>17.7 years. Reoperation rates for those at the same spinal levels were 0.6% at 1 year, 1.7% at 5 years, 2.7% at 10 years, 3.8% at 15 years, and 4.1% at \>17 years.[@ref26] In another recent study, approximately 10% of individuals had to undergo reoperation after lumbar stenosis surgery.[@ref27] About 80% of these revisions were done after 5 years of the primary surgery.[@ref27] In this context, we can say that higher rate of perioperative morbidity in fusion group does not correlate with the higher reoperation rates.

Length of postoperative followup {#sec2-4}
--------------------------------

Interestingly, from Sweden database study, it was evident that as the length of postoperative followup increases, reoperation rate also increases to 2%, 5%, 8%, and 11% at 1, 2, 5, and 11 years, respectively.[@ref16] However, apart from this study, none of the other study has evaluated reoperation or clinical results periodically. Therefore, although it is predictable that reoperation rate increases on followup; further studies need to focus more on this important issue to reach to definitive conclusion.

Patient\'s age and comorbidities {#sec2-5}
--------------------------------

Patients' age or associated comorbidities can also play a major role determining reoperation. A study by Arinzon *et al*. evaluated their clinical outcome after lumbar stenosis surgery between 62 elderly DG and sex- and age-matched nondiabetic CG at a mean age of 40 months postoperatively.[@ref11] Although they found more reoperations in DG group than CG group, it was statistically nonsignificant. However, the time interval for the second intervention was significantly shorter in the DG group. Although, a higher rate of postoperative complication was observed in the DG group, it is concluded that surgical treatment of elderly diabetic patients suffering from spinal stenosis improves quality of life and ameliorates pain. Successful postoperative pain reduction remained the strongest factor associated with patients' satisfaction. Similarly, another retrospective study by Hee and Wong from Singapore compared clinical outcome and reoperation in 68 patients aged 60 and above who had decompression laminectomy for lumbar spinal stenosis at an average of 8 years after surgery.[@ref13] They reported 68% excellent and good, 22% fair and 10% poor results in elderly group with 5 (7.4%) reoperations. They concluded that surgical results of spinal stenosis in the elderly are favorable and comparable to those reported for the general population. An another study by Hansraj *et al*. in 103 consecutive lumbar spinal stenosis patients with an average age of 65 years showed reoperation rate of 3.9% (*n* = 4) at 1-year followup which was not changed at 2- to 5-year followup.[@ref17] Satisfaction rates for older patients were similar to patients younger than 65 years although physical function scores and severity scores were less. Thus, surgical results or reoperation rates does not depend on age or associated comorbidities of the patient.

Prognostic factors {#sec2-6}
------------------

Risk factors for reoperations in lumbar stenosis surgery were evaluated by Jönsson *et al*. in their prospective study in 105 consecutive patients who underwent surgical decompression (laminectomy with facet preserving technique).[@ref19] During the followup period, 19 patients underwent reoperation; consisting of fusion to treat lumbar pain (*n* = 4), repeat decompression because of progressive stenosis (*n* = 13), and repairs in response to surgical complications (*n* = 2). The results after surgical decompression in patients with central spinal stenosis deteriorated with time. Patients with a preoperative duration of symptoms of \<4 years and patients with no preoperative back pain tend to have better surgical outcomes. The reoperation rate was 18% within 5 years. When surgery for spinal stenosis is contemplated, these prognostic factors should be taken into consideration. The "ideal patient" has a pronounced constriction of the spinal canal, insignificant lower back pain, no concomitant disease affecting walking ability, and a symptom duration of \<4 years.

Length of postoperative period {#sec2-7}
------------------------------

Javalkar *et al*. have retrospectively evaluated several associated factors after the initial lumbar stenosis surgery in 335 patients. They found out 14.9% (*n* = 50) reoperations after unknown period of followup.[@ref28] We believe that over a period of time, reoperation might increase which is similar to the reported literature. In their evaluation, they also reported a higher rate of postoperative complications in patients who underwent decompression with instrumentation (19%) than those with decompression alone (5.5%). However, comparing the reoperation rate between them, it did not show any significant difference (19% vs. 11.8%) which is similar to the published literature. Similarly, they also could not find out any difference in adjacent level disease between these two groups. Moreover, they could not find out any difference in reoperation between patients with single- or multi-level stenosis surgery (13.6% vs. 12.8%). However, their reoperation rate was statistically significantly higher in patients aged 65 years or less (16.9%) than those with 65 years or more (8.9%). In fact, this is a new finding in contrast to previously reported literature that suggested that reoperations are not related with age, sex, or associated comorbidities of patients. We believe further studies should be carried out to reach a conclusion. They have additionally pointed out that around 75% of reoperations were at the index while 25% at adjacent level, which is expected and could be explained by either progression of the disease or instability.

Conclusion {#sec1-5}
==========

In a nutshell, this is a review on reoperations after surgery for lumbar canal stenosis. Statistical data do not indicate the superiority of a particular type of surgery which reduces the rate of reoperation. The causes for reoperation are inadequate decompression or instability. The literature does not give statistics for these complications in the papers. This is a review analysis of the conducted studies, which is a weak point of the paper. A prospective study shall be able to give a better impression and outcomes of surgery. Smoking is an independent risk factor for revision surgery. Diabetes reduces the time interval between the initial surgery and the revision surgery. Further prospective randomized controlled studies evaluating reoperation and related risk factors after lumbar stenosis surgery are mandatory for this simple but unsolved question.
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